Tuberculosis contributes significantly to child morbidity and mortality. This study aimed to estimate the minimum community based incidence rate of TB among children <3 years of age in Southern Mozambique.
Introduction Tuberculosis (TB) is an under-recognized but potentially important cause of morbidity and mortality in children in TB endemic settings 1, 2 . Infants and young children (<3years) and those with immunodeficiency caused by HIV or severe malnutrition are at highest risk of developing TB disease following infection 3 . Delay of diagnosis and treatment in these children increases the risk of rapid disease progression and mortality 4 . TB diagnosis is particularly challenging in this population, given the lack of specific symptoms, the difficulty in obtaining samples for microbiological examination, and the often pauci-bacillary disease. The diagnostic yield of samples is often <20%
under TB program conditions 5, 6 . These diagnostic difficulties result in delayed and under-diagnosis of the disease, contributing to the hidden burden of TB in children.
Child TB is receiving more attention 3 as the World Health Organization (WHO) post-2015 TB strategy seeks to engage the wider health sector including the child healthcare sector 7 . The WHO Global Tuberculosis Report 2014 estimates that 550 000 children developed tuberculosis during 2013, representing 6% of the global TB burden 8 . However, several factors suggest that the true burden of disease may be higher as these estimates assume an equal ratio of notified cases in children and adults (whereas under-reporting in children is very common 9 ) , and estimated deaths only include those in HIV negative children 3 . As a setting´s total TB burden increases, there tends to be a rise in the proportion of TB cases attributable to children 10 . Thus, in high TB burden settings, children may represent up to 10-20% of TB cases, with increased TB incidence in <5years (yr) and >15yr 4, 8, 11 . Manuscript   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Mozambique is one of the high TB burden countries listed by the WHO but has a very low reported case-detection rate of 37% 8 . Improved reliable estimates are required to quantify the hidden burden of disease and measure future progress towards the control of TB in the country, especially for vulnerable populations such as children 8, 12, 13 . We therefore aimed to determine the minimum community-based incidence rate (IR) of childhood TB.
Materials and Methods

Setting
The study was conducted in the Manhiça District (rural southern inhabitants , of which approximately 11% are <3yr 14 . A full description of the site can be found elsewhere 14 . In 2011, the <5yr mortality rate was 70/1000 live births. Severe malnutrition is common with an estimated IR of 35/1000 person-years among children from 1-2yr 15 .
TB treatment is offered free of charge at the health units and children are routinely vaccinated at birth with Bacille Calmette-Guérin (BCG), with estimated coverage ranging from 86-90% 16, 17 . The 2013 WHO TB incidence estimates for the country is 552/100.000 population 8 . The HIV prevalence in the district is among the highest in the   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 world, reaching 39.9% in the community among individuals aged 18-47 yr and 29.4%
for women attending the antenatal clinic 18 .
Study Design and participants
A prospective study was designed to recruit participants through passive and active case finding in the community, MDH and peripheral health centers during a 1yr period (2011) (2012) . Participants included all children from the HDSS who were <3yr at the time of enrolment and had either TB symptoms or were close contacts of a notified adult smear positive pulmonary TB case (PTB). Relapse or recurrent cases were excluded.
Clinical Procedures
Presumptive TB cases were identified through two strategies: A) Passive case detection of children presenting to the health facility with ≥1 symptoms compatible with TB (see Table 1 for a complete list of symptoms). Those not recruited at the time of the visit to the clinic were later identified through the clinical data collected at the health unit by the HDSS. B) Active case finding consisted of linking the adult smear positive PTB cases registered at the district National TB Program (NTP) in the previous 24 months to the HDSS database in order to identify all household contacts <3yr. At enrolment, demographic and clinical information was collected through interviewing of parents and physical examination. Participants had a chest radiography (CXR) performed, followed by HIV antibody testing and tuberculin skin testing (TST). CXR were performed with a digital X-ray machine and included posteroanterior and lateral projections. For clinical purposes, an initial reading was performed on site by the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 clinician. Subsequently, all CXR were reviewed and re-assessed by an experienced pediatric radiologist (JR) who was blinded to the clinical information. 
Ethical approval
The study protocol was approved by the Mozambican National Bioethics Committee and the Hospital Clinic of Barcelona Ethics Review Committee.
Data Analysis and Statistical Considerations
Clinical data was double entered in an electronic data capture system (OpenClinica ™ www.openclinica.org) and checked for discrepancies. Statistical software for analysis The minimum community-based IR was calculated as a density rate with the agespecific yearly number of TB cases (according to the study case definition) among study participants divided by the total age-specific population at risk during a period of 12 months (person-time at risk). Time at risk was individually measured using DSS data taking into account demographic events (births, deaths, migrations) of all children included in the study. The IR is considered to be minimum as the case detection system cannot ensure that all TB cases are detected. For each IR 95% exact Poisson confidence interval were calculated. Proportions were compared using the Pearson or
Fisher exact Chi-square test and odds ratio (OR) and 95% confidence intervals (CI) were estimated using logistic regression. Variables at a significance level below 0.2 were chosen and placed on stepwise backward multivariate logistic regression. Only factors with a p-value on likelihood ratio tested were retained on the model.
Results
During the study period, 13.764 children <3yr contributed to a total of 9.575py in the Manhiça DSS (Figure1). A total of 789 presumptive TB cases were enrolled (42 and 747 identified through active and passive case finding respectively). Forty-five children fulfilled the TB case definition -13 microbiologically confirmed plus 32 probable TB (Figure 2) . Thus, the minimum community-based IR was 470/100.000person-year (95%CI 343/100.000 to 629/100.000) for confirmed plus probable cases and 135/100.000person year for confirmed cases (95%CI 72 to 232/100.000)( Table 2) .
Baseline characteristics of presumptive TB cases are presented in Table 1 . Fifty-four percent were males, and the age distribution showed a predominance of children 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 between the ages 12 to 24 months (51%). The most frequent clinical feature at enrolment was severe malnutrition, which was the only symptom in 72% of cases.
Nutritional assessment found that almost a quarter had severe undernutrition (weight for age Z score <3). Of the 1347 total CXR performed during the study, 27% had only one projection. Twenty-one percent of all presumptive TB cases had a CXR compatible with TB. Thirty percent of presumptive cases had a second TST of which, 9% had a positive TST. Among all presumptive TB cases, nine had a positive smear, although none of the 9 had a positive MTBC culture (4 were NTM and 5 were culture negative).
Non-TB mycobacteria (NTM) were isolated in 27% of all cultures of presumptive cases.
We found 7 EPTB cases -4 lymph node and 3 disseminated-and no TB meningeal cases. A total of 104 children were diagnosed as HIV positive (13%).
We identified 13 confirmed TB cases (7 in GA, 4 in IS and 2 both in GA and IS). The % of confirmed cases among TB cases was highest for those <1y (40% vs 29 and 22% among children with 1-2yr and 2-3yr respectively), and statistically significantly lower for HIV-TB co-infected cases (10 vs 44%, p=0.02). Confirmed cases presented a higher frequency of cough or fever as compared to probable cases. Furthermore, the confirmed cases appeared to be more symptomatic at enrolment than did the probable cases (53.8% vs 15.6% presenting with ≥1 TB symptom respectively, p<0.001). Probable cases had a higher proportion of HIV-infection (p=0.01), positive TST (p=0.001) or BCG scarring (p=0.08) as compared to confirmed cases.
Multivariate logistic regression analysis for TB risk factors showed that HIV infection, and number of previous outpatient consultations were predictors of TB disease when The case fatality rate was 9% (N=4/45 TB cases), all deaths taking place in the first 6 months after enrollment.
Discussion
This study provides one of the first prospective population-based incidence estimates of childhood tuberculosis in a high TB-HIV endemic setting and shows a consistently high IR across all ages. These results underscore the hypothesis of a gross underdetection and under-reporting of childhood TB in Mozambique and globally 23 . 26 to 970 000 in 2010 6 . The large variation in the estimates highlights the challenges in estimating the burden of pediatric TB and the need for population-based data to inform predictive models.
There are few studies reporting age-specific pediatric TB incidence in high burden countries. Most studies are based on hospital-based retrospective reviews of notification rates and, to our knowledge, none have reported community IR using DSS 11, [27] [28] [29] [30] [31] [32] [33] [34] [35] . However, in areas where health seeking behavior strongly modifies the pattern There are several limitations to this study, mostly leading to a possible underestimation of the true TB incidence. First, only single-day samples were obtained as most patients would not accept overnight admission, decreasing the chances of microbiological confirmation. Second, for study purposes CXR were read by a single blinded experienced pediatric radiologist rather than the two independent CXR readers are often recommended to prevent bias, given the pivotal role of CXR in case definition, and the poor inter and intra-observer agreement among reviewers 36 . Third, contact tracing could not be fully implemented mainly due to difficulties in patient identification and poor recording.. Fourth, the % of EPTB cases was lower than the 20-30% expected and reported by others 11, 30, 31, [37] [38] [39] . While BCG protection may have a role, it is likely that some EPTB cases in this study were missed; the reason may be due to a stronger focus on pulmonary TB in the study design, errors in classification   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 (disease localization, including disseminated TB, may be confounding in young children in the absence of CT-scan), or lost cases due to the fact that severely ill children are often transferred to the tertiary reference hospital in the capital for specific diagnostic procedures. Finally, there is a risk of overestimating TB IR by either including TB prevalent cases at enrollment or adding new incident cases during follow-up beyond the one year enrollment period. Although this possibility can´t be ruled out, we believe the effect would be minimal and probably overweighed by the above-mentioned risk of underestimation.
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Footnote:
Abbreviations: IQR, interquartile range; BCG, Bacille Calmette Guerin; HIV, human immunodeficiency virus; TST, tuberculin skin test * Compatible TB symptoms: cough for ≥ 14 days not responding to appropriate course of antibiotics; fever greater than 38ºC ≥ 14 days . after common causes like malaria or pneumonia were excluded; malnutrition defined as under 60% weight for height, failure to gain weight for more than 2 months or any loss of weight and not responded to nutritional interventional; unexplained wheeze ≥ 14 days not responding to standard treatments; lower respiratory tract infection ≥ 14 days not responding to antibiotics after 72hours; TB exposure in the last 12 months; symptoms compatible with extrapulmonary TB (EPTB) such as painless enlarged lymph nodes with or without fistula formation ≥ 14 days, arthritis, gibbus, meningitis, effusion, or unexplained hematuria, dysuria or polaquiuria for ≥21 days. † Stunting: Height for age Z score <2. ‡ Undernutrition: Weight for age Z score < 2. ¥ Wasting: Weight for height <2. 
